Objective: Cardiovascular events are the most frequent cause of death or disability among people with systemic lupus erythematosus (SLE). However, the causes of this increased the risk of major adverse cardiovascular events (MACEs) are not completely understood. The Age-adjusted Charlson Comorbidity Index (ACCI) is a prognostic classification that was initially developed for patients who have a number of comorbid conditions and the ACCI has been validated in many clinical settings. Materials and Methods: In this study, 5998 patients were enrolled from the National Health Research Institute Database of Taiwan. All the patients' sequential clinical data related to their diagnosis of SLE were reviewed from 2004 to 2007 to determine their risk of MACE occurrence and of all-cause mortality using their ACCI scores. Results: The predictive accuracy of the ACCI scores in relation to MACE occurrence among SLE patients was estimated and the C-statistic for this curve was found to be 0.687 (95% confidence interval [CI]: 0.664-0.709). The distribution of ACCI scores for MACE patients was 4.7%, 10.3%, 11.4%, and 21.5% for those with ACCI scores in the ranges of 0-1, 2-3, 4-5, and >6, respectively. A plot of the cumulative risk also showed a much higher risk among SLE patients with an ACCI score of >6. When patients were divided into different groups based on their ACCI scores, those with ACCI scores of >6 had an adjusted hazards ratio of 4.88 (95% CI: 3.84-6.19; P < 0.001) as compared to those with ACCI scores of 0-1. Conclusion: SLE patients with higher ACCI scores have a significantly higher risk of a MACE and of all-cause mortality. Our results suggested that ACCI scores may be useful as an index for estimating global cardiovascular risk among patients with SLE.
Introduction

S
ystemic lupus erythematosus (SLE) is a systemic autoimmune disease that is characterized by the production of auto-antibodies; these can affect many parts of the body causing tissue inflammation and damage. The heart, joints, skin, lungs, blood vessels, liver, kidneys, and nervous system are the most frequently affected organs when SLE is present [1] . In Taiwan, the average annual incidence rate of SLE has been reported to range from 4.9 to 8.1/100,000 populations with an average female-to-male incidence ratio of 7:1 [2, 3] . Cardiovascular events, including pericarditis, myocarditis, endocarditis, and coronary heart disease, are the most frequent cause of death among individuals with SLE [4, 5] . Atherosclerosis also tends to occur more often among SLE patients than in the general population and also advances more rapidly [6] . The Charlson Comorbidity Index is a prognostic classification that was initially developed for patients who may have a number of comorbid conditions, and this index has been validated in many clinical settings [9] [10] [11] [12] [13] [14] . This index includes 19 comorbidity categories, and each condition is assigned a score of 1, 2, 3, or 6 depending on the risk of dying due to this particular condition. The overall score is the sum of the weighted scores for all comorbidity conditions. Higher scores indicate a greater comorbidity and patients with scores of >5 have essentially a 100% mortality risk over 1 year. During its validation, age was found to be a significant contributing factor to overall survival, and this was subsequently incorporated into the Charlson comorbidity score to create a single index that accounted for both age and any medical comorbidities present; this became the Age-adjusted Charlson Comorbidity Index (ACCI) [9] .
In this study, patients with clinically diagnosed SLE were identified using the National Health Insurance Research Database (NHIRD) of Taiwan. This database currently enrolls about 99% of the 23 million residents of Taiwan who receive medical care through the National Health Insurance (NHI) program. Accumulating evidence has confirmed the validity of the NHIRD [15] . Data regarding the effects of medical comorbidities on major adverse cardiovascular events (MACEs) among SLE patients have been scarce until now and therefore, the primary objective of this population-based cohort study was to determine the value of the ACCI scores among SLE patients in relation to prognosis regarding MACE as well as all-cause mortality.
Materials and methods
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of the Buddhist Dalin Tzu Chi Hospital, Taiwan. Informed written consent was waived because the study was a retrospective data analysis. All data were retrieved from the reimbursement database of the NHI Bureau and the study cohort was acquired from the whole population NHIRD from 2004 to 2007. SLE was identified by the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 710.0. Patients were enrolled when this ICD code was first entered as a primary diagnosis for any in-patient admission or out-patient department visit. We verified these patients in the insurance file using records containing their encrypted patient ID numbers and insurance fees. If their encrypted ID numbers could not be found in this insurance file, then these patients were excluded from the study. We did not use the catastrophic illness database for the identification of the SLE patients due to differences in time between the diagnosis of SLE and the approval of a catastrophic illness certificate for a given patients; this could have introduced errors into our study due to the study's relatively short follow-up period. In addition, it is possible that some patients with SLE did not applied for a catastrophic illness certificate. Enrolled patients were then followed up until the end of 2007, the termination of insurance (death), or the occurrence of MACE.
Age-adjusted Charlson Comorbidity Index scores
The ACCI scores were derived from in-and out-patient diagnostic data that had been collected during the 6 months before SLE enrollment. Weights for these scores were determined using the methods previously reported by Charlson et al. [9] . Comorbid conditions were weighted and scored, and 1 point was added for each decade after 40 years of age (i.e., 1 point for 41-50 years, 2 points for 51-60 years, 3 points for 61-70 years, and 4 points for 71 years or older [10, 11] [ Table 1 ].
Major adverse cardiovascular events
A MACE was defined as including an outcome that occurred after the date of SLE enrollment and these outcomes consisted a nonfatal myocardial infarction (ICD-9-CM code 410.x), a nonfatal cerebrovascular event/stroke (ICD-9-CM codes 43x.x, 430.x, 431.x, 432.x, 434.x, 435.x, 436.x, 438.x), and all-cause of death. All diagnoses were based on both primary diagnoses during any inpatient admission or primary diagnosis during any outpatient department visit.
Other variables
Patients' demographic information, including age, sex, and comorbidities/complications other than those included in the ACCI, were also collected. These complications/comorbidities other than those included in the ACCI were also obtained from in-and out-patient diagnostic data that had been collected during the 6 months before SLE enrollment.
Statistical analysis
The SAS statistical package version 9.2 (SAS Institute, Inc., Cary, NC, USA) was used for statistical analysis. Receiver operative characteristic curves were generated to assess the prediction accuracy for any MACE using the ACCI scores and 
Results
From 2004 to 2007, a total of 6556 patients were given the ICD code 710.0 as their primary diagnosis. Among these patients, 558 could not be verified in the insurance ID file and were excluded. Thus, 5998 patients with an SLE diagnosis were enrolled in the present study [ Figure 1 ]. The average age of these patients was 36 ± 15 years, and they were predominantly females (88.4%). The distribution of their ACCI scores was 2364 (39.4%) with a score of 0-1, 1451 (24.2%) with a score of 2-3, 1212 (20.2%) with a score of 4-5, and 971 (16.2%) with a score of >6. Their other basic characteristics and the comorbidities are presented in Table 2 .
The predictive accuracy of the ACCI scores for MACE among the SLE patients was estimated using the receiver operating characteristic curve approach [ Figure 2 ]. The C-statistic for this curve was 0.687 (95% confidence interval: 0.664-0.709). As shown in Table 3 , a total of 607 patients with MACE and all-cause mortality were identified and the distribution of ACCI scores was 110 (4.7%) with a score of 0-1, 150 (10.3%) with a score of 2-3, 138 (11.4%) with a score of 4-5, and 209 (21.5%) with a score of >6. A plot of the cumulative risk showed a much higher risk when a SLE patient has an ACCI score of >6 [ Figure 3 ]. The results of the Cox proportional hazards analysis showed that when the ACCI scores were treated as a continuous variable, there was a 25% increase in the risk of MACE and all-cause mortality for each one-point increment in the ACCI score. When the ACCI scores were analyzed as an ordinal variable, patients with an ACCI score of >6 showed an adjusted hazards ratio of 4.88 (95% CI: 3.84-6.19; P < 0.001) when compared to those with an ACCI score of 0-1 [ Table 4 ].
Discussion
This is the first population-based cohort study to evaluate the risk of any MACE among SLE patients. The major finding of this study was that ACCI scores could be applied when evaluating global cardiovascular risk, that is any MACE and all-cause mortality, among patients with SLE. Patients with higher ACCI scores are at a higher risk of MACE and all-cause mortality.
Our findings show that, among SLE patients, the frequencies of MACE occurrence were 4.7%, 10.3%, 11.4%, and 21.5% for those with ACCI scores of 0-1, 2-3, 4-5, and >6, respectively. Similar studies focusing on this comorbidity index among SLE patients have been published [16, 17] . However, most of those studies were conducted using hospital-based cohorts. Our study uses a population-based database to assess prognostic ability of this comorbidity index among SLE patients. Furthermore, in addition to mortality as a particular outcome, central nervous system involvement, and cardiovascular disease are also severe complications among SLE patients, and in this context, our study has also included MACE evaluations for the SLE patients.
Although overall mortality has improved in recent decades due to the development of more advanced medical therapies [18, 19] , cardiovascular events remain the most frequent comorbidity among SLE patients [4, 18] . In addition, the occurrence of any MACE is an important long-term issue for these patients, their families, and even society as a whole. From the perspective of medical providers, MACE prevention is more important than the evaluation of a mortality rate among patients. Our study is the only one to identify the impact of comorbidities on MACE occurrence among SLE patients. Clinically, ACCI scoring is easy to do via a retrospective chart review and it is able to account for those disease processes that have been shown to be most important to the occurrence of MACE.
The main strength of our study is that our data are derived from a nationwide population-based, longitudinal study. The important follow-up information that was needed to carry out this study could be accessed from the NHIRD. In addition, because all diagnosis information was collected longitudinally, recall bias should not be present. Nevertheless, there are a number of limitations that must be considered. First, the diagnosis of SLE, coronary arterial disease, stroke, and other types of MACE was based on the ICD codes recorded in the NHIRD database. Therefore, information bias as a result of misclassification is possible. Second, our study is based on retrospective data and it is not possible to validate the ACCI scoring and thus, again, misclassification of the ACCI scores is a possibility. Third, the NHIRD database does not contain any information on tobacco use, dietary habits, metabolic profiles, or other behavioral factors, all of which are possible risk factors for MACE occurrence among SLE patients and the possibility of confounding effects due to these factors cannot be ruled out. Nonetheless, given the magnitude and statistical significance of the observed effects in this study, these limitations are unlikely to have compromised our results.
Conclusion
In this population-based cohort study, the ACCI was identified as a good tool for predicting MACE occurrence and all-cause mortality among SLE patients. SLE patients with a higher ACCI score are thus at a higher risk of a global cardiovascular event.
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